Introduction
Since m any years transition metal nitrosyl com plexes are the subject of intensive studies. Their crystal and molecular structures have been deter mined and their magnetic, spectroscopic and chemical properties investigated [1] [2] [3] [4] . The inter est in these com pounds continues to grow because there now is a considerable number of complexes available, which could be catalysts or catalysts precursors o f many organic reactions such as oli gom erization [5] [6] [7] , polymerization [7] [8] , chemi cal oxidation [9, 10] , hydrogenation [11] , isomeri zation [12, 13] and metathesis [14] . For the latter, the molybdenum complexes belong to the most active.
Basset et al. [15] have found that oxygen con taining com pounds (0 2 or alcohols) accelerate the metathesis reaction. It has also been proved, that oxygen and perhaps chlorine are essential for gen eration of active, table high-valent metathesis ca talysts [16] . The results of an ab initio theoretical mechanistic study [17] were also used to suggest that oxygen-alkylidene complexes are the active chain-carrying metathesis catalysts for high-valent metal complexes, and that the oxygen ligand is in-timately involved in the catalytic process. M ore over the synthesis of stable alkylidene complexes with oxygen ligands, very often active in olefin me tathesis, points to the unusual role o f ligands of that type as stabilizers and activators [18, 19] . The first synthetized stable and catalytically active alkylidene-dinitrosyl-molybdenum complexes also contain ligands with oxygen atom s [2 0 , 2 1 ], and the {M o(NO)2(OMe)2L}"-EtAlCl2 and {M o(NO)2( 0 2C M e)2}"-EtAlCl2 systems are some of the most powerful catalysts [22, 23] .
Here the synthesis, spectroscopic characteriza tion, electronic structure and metathesis activity of new carboxylato-dinitrosyl-m olybdenum com plexes are reported. The electronic structure of these complexes was calculated using Fenske-Hall and IN D O methods. Their electronic spectra were interpreted in terms of the electronic structure of the excited states calculated by the interaction con figuration method.
Experimental
All experiments were performed under argon a t mosphere with standard Schlenk techniques and vacuum-line procedure. Solvents were purified and distilled under argon from appropriate agents. The complexes [M o(NO)2(MeNO-,)4](BF4)2 [24] , {M 0(N 0)2( 0 'Pr)2}", {M 0 (N 0 )2(0 R )2S}" (R = Me, S = M eCN; R = Et, S = EtO H ) [25] and {M o(NO)2( 0 2C M e)2}" [23] were prepared by pub lished procedure.
The IR spectra were measured on a Specord M 80 spectrophotom eter in hexachlorobutadiene and Nujol mulls. 'H N M R spectra were recorded on a Tesla BS567A spectrometer and were refer enced to Me4Si. Electronic spectra (absorption and reflectance) were measured on a Beckman UV 5240 spectrophotom eter. M olecular weights were determined on a Perkin-Elmer 115 instrument. GLC analysis were perform ed on N-504 (Elpo) chrom atograph.
[ M o ( N O ) 2(O .C M e ) 2] ■ M eO H I
M ethod A. The mixture of M o(CO )6 (4 mmol), N a (0 2CM e) (8 mmol) and N O B F4 (8.2 mmol) in 15 ml M e N 0 2 were stirred for 2 h at room tem per ature and next 6 ml M eOH was added. The white precipitate of N aB F4 was filtered off and the sol vent was removed from the filtrate in vacuo. The complex was extracted from the residue with C H 2C12. The light-green complex was precipitated with hexane. Yield 35%.
M ethod B. To [M o(NO)2(M e N 0 2)4](BF4)2 (4 mmol) dissolved in 15 ml M e N 0 2 and 6 ml M eOH N a (0 2C Me) (8 mmol) was added. The white precipitate of N aB F4 was filtered off. Subse quent procedure was as above. 
[M o ( N O )2( 0 2C P h )2] • 2 P h C 0 2H
The complex was obtained in a m anner similar to that described above, 
M etathesis reaction
The following general procedure was used. The precatalyst (2 .5 -10" 4 mol) and PhCl (5 ml) were placed in the reaction vessel, and cooled to below 0 °C; next EtAlCl2 in PhCl was added (M o : Al = 1 :6 ). The resulting homogeneous reaction mixture was heated to room temperature and aged for 15 min (ta). After ageing pent-2-ene as test olefin (M o:olefin = 1:400) was added to the solution. For the sample taken after reaction time (tr) the reaction was quenched and the metathesis prod ucts were subjected to GLC.
Results and Discussion

Preparation and properties o f carboxylato-dinitrosyl-molybdenum complexes
A few examples of dinitrosyl-molybdenum com plexes with anion ligands containing oxygen atom have been described in the literature, i.e.
A lm ost all these complexes could be obtained by substitution of the coordinated solvent in [M o(N O)2(solv)4]2+ type complexes by the appro priate oxygen anion ligands.
Q uite recently a new complex of that type was synthetized in the same manner:
This com pound is also formed in the direct reac tion am ong Me(CO)6, N a (0 2C Me) and N O B F4:
The mechanism of its form ation is the same in both reactions.
Both reactions were carried out in M eCN at room tem perature. The brown product is unsolu ble in alkanes, benzene, PhCl, CH2C12 and H 20 , sparingly soluble in MeCN, and readily soluble in alcohols and DMSO. Its structure is most likely polymeric {M o(NO)2( 0 2C Me)2}".
The complex of the identical composition in the coordination sphere but of different physical properties is formed in the reaction of 
IR spectra
The IR spectra o f the carboxylato-dinitrosylmolybdenum complexes (see Experimental Section and Fig. 1 Fig. 1 ) as compared to diacetato-dinitrosyl-molybdenum complexes (about 1520 cm -1) and the very high zfv(C02) value (296 cm -1) are typical for unidentate acetate groups [31] .
The J v (C 0 2) value for the chelate ligands in M o(NO )2( 0 2C Ph)2 (128 cm "1) exceeds that for the acetate ligands coordinating in a similar way. The IR spectrum o f [Mo(NO)2( 0 2C Ph)2]-2 P h C 0 2H displayed vas and vs(C 0 2) frequencies characteristic for chelating P h C 0 2" ligands and non-coordinated benzoic acid molecules. The 'H N M R spectrum (in d6-DMSO at 25 °C) o f the polymeric complex {M o(NO)2( 0 2C Me)2}", most likely with chelating and bridging acetates, exhibits also only one methyl proton resonance (<5 = 1.95 ppm) [23] , This may be caused by dy namic exchange process between chelating and bridging acetates, or, even more likely, by destruc tion of the polymeric structure of the com pound with possible coordination of the solvent mole cules. Since the recorded in M eOH spectrum in the range -9 0 °C to + 60 °C the latter suggestion is preferred.
1H N M R spectra
The 
Electronic structure
The bonding in dinitrosyl-molybdenum com plexes and their electronic structure has been dis cussed quantitatively by Enemark and Feldham [1] as dom inated by the {M o(NO)2} 6 unit, in which six electrons are associated with the molybdenum 4d and 7i* (NO) orbitals.
In this paragraph the results of theoretical stud ies on the electronic structure of dinitrosyl molyb denum complexes with oxygen anion ligands, exemplified on the di-and tetraacetato-dinitrosyl molybdenum complexes, are reported.
The calculations were performed by the parameter-free Fenske-Hall [32] and the semiempirical IN D O m ethods [33] . --------------------------------------------------------------------------------------------------- Table I 
Electronic spectra
Electronic spectra (absorption and reflectance) for carboxylato-dinitrosyl-m olybdenum and dialkoxy-dinitrosyl-molybdenum complexes were recorded in the 200-800 nm region. Table III summarizes the absorption maxima ( / max) and the m olar absorptivity values (e), also for the other known dinitrosyl-molybdenum complexes with oxygen anion ligands.
In the case of M o(NO)2( 0 2C M e)2 we have tried to explain the spectroscopic properties of dinitro syl-molybdenum complexes with four ligands coordinating to metal by oxygen atoms. The sym metry of this molecule was approxim ated to the C2v point group. Equal M o -O bond distances were assumed, since the theoretical calculations revealed no essential changes in the molecular orbitals caused by their differentiation.
The electronic structure of the excited states was calculated by the configuration interaction m ethod [33] . Transition energies and oscillator strengths were determined considering the config urational interaction between the homogeneously excited states. The results o f the calculations are confronted with the experimental data in the Table IV . Only the transitions of energies lower than 5.5 eV, i.e. those which could have been m easured experimentally, where considered. The CT low intensity transitions adjacent to the high intensity ones and the d -d transitions located within the intensive CT transition were omitted. The character of transitions was estimated from their contributions to molecular orbitals between which a given transition proceeded.
For the dinitrosyl-molybdenum complexes with four oxygen atom s in the nearest central atom en vironment, the spectroscopically im portant molec ular orbitals preserve the character of the delocal ized orbitals of the [Mo(NO)2] moiety. F or that reason in the long wavelength region of their spec tra (by 5 eV) one should expect the weak intensity d -d and d^* ( N O )^d 7r*(N O) transitions only within this unit (Table IV) .
Olefin metathesis reaction
{M o(NO)2( 0 2CM e)2}" is known to form with EtAlCL homogeneous, very active catalytic system for metathesis reaction of acyclic [23] and cyclic [27] The here reported results of the precatalyst elec tronic structure calculations for particularly char acteristic bonds (Wibergs bond indexes, Fig. 3 ), di center overlapping population values (Table I) , to gether with charge distribution on central atom and ligand atom s (Table II) ) suggest the possibility of formation of such an active catalyst due to the favorable conditions for the electrophilic attack of Lewis acid molecules (EtAlCl2) on carboxylic li gand oxygens in the equatorial plane. The weakest bonds and the highest negative charge concentra tions, are associated with the elongated M o -O bonds. In the same plane, i.e. in the M o -N O bonding plane on the side opposite to the NO li gands, the coordination o f a carbene ligand re quires the smallest am ount of activation energy
